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I. INTIQDUCTIQl4 

This i s  t h e  t h i r d  qua r t e r ly  r epor t  covering work during t h e  report ing 
per iod of December 27, 1963 - March 27, 1964 on Contract No. IUS 5-3467 
which was awarded The Borden Chemical Company by t h e  National Aeronautlcs 
and Space Admininstration, Goddard Space F l i g h t  Center, on June 27, 1963. 
The Burgess Battery Go. of Freeport ,  I l l i n o i s  i s  p a r t i c i p a t i n g  i n  t h e  
c o n t r a c t  i n  manufacturing and t e s t i n g  c e l l s  which incorporate separators  
developed f o r  this study. 

In t he  second q u a r t e r l y  r epor t  f i l m s  from a l a r g e  v a r i e t y  of polymeric 
ma te r i a l s  were prepared and screened by bench s c a l e  procedures f o r  s u i t -  
a b i l i t y  as membranes f o r  s i l v e r  oxide-zinc c e l l s .  F i l m s  showing accept- 
a b l e  p rope r t i e s  were prepared i n  quantity and transmitted t o  Burgess f o r  
acce le ra t ed  l i f e  tests i n  c e l l s .  "his plan  has been followed during t h e  
p rc scn t  per iod with p a r t i c u l a r  emphasis on polymers and modified polymers 
r e s i s t a n t  t o  oxidat ion by s i l v e r  oxide, 
w i l l  have been completed by the  end of the next  quarter with the  exception 
of a few developed a t  the end of t he  present quarter .  

Tests a t  Burgess are continuing and 

.'Jthough cycle  l i f e  tests on experimental membranes are s t i l l  i n  prcgress 
seve ra l  d i f f e r e n t  types have exceeded the l i f e  of cellophane o r  give i n -  
d i ca t ron  of doing SO. 

Hydroxyethyl ce l lu lose ,  polyvinyl alcohol and two of t h r e e  v a r i a n t  hj-d,-c;Pj- 
e t h y l  polyvinyl a lcohol  types showed higher capacity than cellophane a t  
t h e  50 amp discharge rate. 

Menbranes used in t h e  t es t  c e l l s  and r e l a t ed  compositions were f i r s t  
screcned and character ized by t e s t s  f o r  conductivity, f l e x i b i l i t y ,  t e n s i l e  
s t r eng th ,  t e n s i l e  s t rength i n  30% KOH, t e n s i l e  s t r engh t  a f t e r  oxidation 
of 30$ KOH s a t u r a t e d  with Ag20, swelling i n  30% KOH and 40% KW. 
t h e  scrcening tests are presented, 
e l e c t r i c a l  r e s i s t ances  of t he  order  given by cellophane and s t a b i l i t y  t o  
oxidat ion running from s l i g h t l y  b e t t e r  i n  t h e  case of hydroxyethyl 
polyvinyl a lcohols  t o  much b e t t e r  i n  the case of some of t h e  new candi- 
da t e s  upon which l i f e  tests are a t  present unfinished. 

Data of 
A number of candidates showed low 

I 
I 111. FUTURE PROGMM 

I 1. The present  con t r ac t  c a l l s  f o r  t he  construction of 50 c e l l s  based 
on the most promising sepa ra to r  developed. 
tcst qualify on the  basis of cycle l i f e ,  f o r  f u r t h e r  i n v e s t i g a t i o n  it w a s  
decided i n  conference w i t h  t h e  sponsor to use fou r  d i f f e r e n t  s epa ra to r  
types t o  make up the 50 c e l l s .  

Since several  of those under I 
Primary emphasis i n  the last q u a r t e r  

I will be on t h e  preparat ion of the  separators and t h e  assembly of t h e  ce31; 

I 
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2. 
a c t i v e  t r a c e r  technique. 

Selected membranes w i l l  be t e s t e d  f o r  s i l v e r  migration by radio- 

3. 
pared f o r  screening t e s t s .  

Further synthet ic  modifications of s u i t a b l e  copolymers w i l l  be pre- 

Iv. MPE;RIMENWL SECTION 

A.  Oxidation of Films i n  30% KOH sa tu ra t ed  with h g s  

The apparatus f o r  t h i s  t e s t  i s  p i c tu red  i n  Figure 12. 
jar o f  10" diameter x 10" depth w a s  charged with 20 grams s i l v e r  oxide 
(Agp, Battery Grade, limes Chemical Works) and 30% K W  (Fischer  ACS) t o  
a depth of  6 inches. 
contcd magnet ba r  a t  rapid r a t e  by the  supporting magnetic s t i r r i n g  
motor (Fischer Thermix) . 

k b a t t e r y  

The contents werc s t i r r e d  by a one inch Teflon- 

F i l m  i n  r ep l i ca t e s  of 4 o r  5 were p rec i s ion  cu t  i n  1 5  mm widths 
x 7 to 8 inches and secured by masking tape t o  t h e  in su la t ed  copper wires 
extending through t h e  polystyrene plate. 
films were immersed t o  within one inch of t he  bottom of t h e  jar. 
PUDO cellophane s t r i p s  w a s  included i n  each t e s t  run of f i lms a s  con t ro l ;  
four t o  f i v e  s e t s  of d i f f e r e n t  f i l m s  were compared with cellophane i n  
each run. 
and t h c  i n t e r n a l  temperature w a s  found t o  remain constant a t  23" C. 
within 0.5" C. The f i lms a f t e r  72 hours immersion, were cu t  loose,  b l a t t e d  
and t e n s i l e  s t r eng th  and elongation a t  break determined, immediately af ter  
blot t ing,  on the Tinius Olsen Electromatic Universal Testing Machine. No 
S tcnp t  i n s  made t o  measure the dimension of t he  swollen f i lm,  so t h a t  
r e s u l t s  described i n  the t a b l e s  a r e  expressed i n  l b s .  per  square inch of 
o r ig ina l  dimension. I n  order  t o  i s o l a t e  t he  oxidation f a c t o r  the same 
f i l m  were immersed i n  30% KOH (without Ag20) f o r  the same period and 
t e s t ed  f o r  t e n s i l e  and elongation, the d i f f e rence  representing the  e f f e c t  
of s i l v c r  oxide. 

By adjustment of t he  wires the  
A s e t  of 

The closed apparatus w a s  used i n  a constant temperature room 

Because of t he  widely varying r a t e  a t  which individual  f i l m  types 
oxidized it w a s  necessary t o  check frequent ly  a g a i n s t  the p o s s i b i l i t y  o f  
dcplction of the dissolved s i l v e r  oxlde. This was achieved by mking  use 
of the f a c t  t h a t  cellophane i s  rapidly oxidized t o  a d i s t i n c t  brown co lo r  
i n  15 minutes by 30% KOH sa tu ra t ed  with iLg2O. 
color i n t e n s i t y  of a t e s t  cellophane s t r i p  10 gram add i t iona l  port ions of 
s i l v e r  oxide were added. 
a n t r o l s  i n  nine t e s t  runs gave t e n s i l c s  averaging 790 p s i  with standard de- 
v i a t ion  of 227. 
3150 P s i  2 195. 
p l i ca t ed  designs involving f i l t e r s  t o  confine t h e  s o l i d  Ag20, was r e l a t i v e l y  
trouble-free. Although some contact  of f i l m s  with s o l i d  Ag20 occurred, t h i s  
m s  ncg l ig ib l e  as a consequence of t h e  f a c t  t h a t  excess s i l v e r  oxide tended 
t o  lodge a t  t h e  periphery out  of d i r e c t  contact  with the  suspended f i l m s .  

;it t he  f irst  s ign  of decreased 

Under the described t e s t  conditions the cellophane 

Tensiles on the  cellophane con t ro l  i n  30% KOH only, averaged 
The design employed, which was simplif ied over more com- 



A few experimental f i l m s  oxidized cvcn mre rapd i ly  than cellophane 
undcr t h e  conditions,  deplet ing the s i l v e r  oxide a t  such a r a t e  t h a t  it 
could n o t  be resupplied by t h e  stirring action. 
f i l m  verc removed f r o m  the system, and eliminated from f u r t h e r  consideration. 

I n  such cases these 

B. F l ex  Tests 

The Shopper Fold t es t  proved t o  be too severe f o r  mny of the 
cxqxxir-ental f i l m s ,  some of which i n  t h e  dry form were appreciably l e s s  
f l c x i b l c  than ma te r i a l s  l i k e  cellophane and polyvinyl alcohol. The MIT 
f o l d  t cs t  a t  1000 g tension placed all the expcrimental f i l m s  on a graded 
s c a l c  2nd measurements were l e s s  e r r a t i c .  
Papcr D 643-43). 

(;,STIjl Folding Endurance of 

C. EXectrical Conductivity Test 

The conductivity c e l l  w a s  ess  t i d l y  a dupl icat ion of t h a t  
and was p ic tu red  i n  our  f i r s t  quart-  described by Shair ,  Bruins and Grcgo 

c r l y  rcport .  
t h c  r c s i s t a n c e  of t h e  f i l m s  i n  ohms i n  t h i s  apparatus f o r  an exposed dia- 
n c t c r  of -201 inches. 
30% i331 or 40% KOH respect ively.  
c x h  ms ca lcu la t ed  by subs t r ac t ing  t h e  r e s i s t ance  of the ce l l  determined 
t h c  mnc day from the  average r e s i s t ance  found f o r  t h e  th ree  samples. I n  
our equipment cellophane showed zero r e s i s t ance  i n  30% KCH and 40% KOH. 
Thc c c l l  was instrumented with a Generd  R e c t r i c  650 A impedance br idge 
and ccltfiodc ray osci l loscope t o  i n d i c a t e  n u l l  point.  

The values i n  the  t a b l e s  f o r  t h e  films t e s t e d  a r e  given as 

This was determincd aftcr 3 days e q u i l i b r a t i o n  i n  
The rcsis tancc of t h r e e  f i l m  samples 

D. R e c t r o l y t e  Absorption Test 

Two-inch square sec t ions  of f a n s  werc immersed i n  a t h i n  l a y e r  
of  30$ KOH and 40% KOH contained i n  Pe t r i  dishes provided With a polyethylene 
g2sl:ct and covered with p l a t e s .  The f i lm were pe r iod ica l ly  removed, care- 
fully b l o t t e d  dry a t  t he  surface and rapidly weighed on a n  automatic Mettler 
bjleiicc. 
pcriod. 
cqui l ibr iwn levels were determined from weight-time p l o t s  . 

The f i l m s  were then returned t o  t h c  dishes  f o r  t he  next  soaking 
This was continued t o  constant wciglit f o r  a t  least 24 hours. The 

2. Cell Construction Used a t  Burgess 

The desi.gn of tes t  cel ls  i s  detai led below. 

- 3 -  



GENERAL DESIGiJ P,*IR;I4ETERS 
SS-5.5 Ag20-Zn C ell 

1:inbcr of i ~ g ~ 0  p l a t e s  
1Jmbcr o f  Zn p l a t e s  
iJcight o f  Ag O/plate 
iieiglit of Zn7plate 
S ize  of :Lg20 p l a t e  
S ize  o f  Zn p l a t e  
Thcorctical  Capacity of Cathode 
Tlicorcticil  Capacity of Anode 
Separz t o r  

Diaph m g m  

6 
7 
6.9 gm. 
3.2 gm. 
1.75 x 2.125 x 0.028 in .  
1.75 x 2.125 x 0.030 i n .  
9.60 a.h. 
18.45 a.h. 
1 laye r /p l a t e  s i d e  0.002 in .  
Aldex No. 13 
Description of diaphragms follo-A-s 

For d e t a i l s  o f  t he  testing schedule sec pages 4-7 of t h e  F i r s t  
Quarterly Report. 

V. DISCUSSION 

A .  Swelling of Films i n  E lec t ro ly t e s  

The polymeric media found most successful  as f i l m s  i n  t h i s  study 
m e  soluble i n  water but  inso luble  i n  30;: and/or 40% KOH. 
be ~ a d e  t o  monomeric molecules such as ethanol which i s  soluble  i n  water 
a;?d i n  KOH but  inso luble  i n  40% KOH, o r  isopropanol which i s  so lub le  
i n  iratcr but inso luble  i n  both 30% and 407; KOI-I. The polymers must contain 
polar groups with p o l a r i t y  l o w  enough t o  prevent d i s so lu t ion  with t h e  con- 
cent ra ted  a l k a l i  medium, y e t  high enough t o  inb ibe  
t h e  polyncr phase. 
at"diniiX i t s  e l e c t r i c a l  conduct ivi ty ,  as pointed out  i n  t h e  previous report .  
Tlic dcgrce of swel l ing i s  a l s o  important f r o n  t h e  standpoint  of t he  space 
occupied by t h e  separa tor  i n  the  assembled c e l l .  

An analogy might 

concentrated a l k a l i  i n t o  
This e l e c t r o l y t e  absorpt ion Ly t h e  f i l m  i s  e s s e n t i a l  t o  

Tlic Elec t ro ly te  lZbsorption t e s t ,  as described under Jhperimental  
Section, was used t o  e l iminate  some o f  t h e  f i lms  because of s o l u b i l i t y  i n  
a l k a l i a  Films which reached a constant  weight on equ i l ib ra t ion  with 
e l ec t ro ly t e  were considered t o  be inso luble  i n  t h e  e l ec t ro ly t e .  On t h e  
othcr  hand, i n i t i a l  weight increase  followed by a dec l ine  was considered 
cvidcncc of eventual loss of polymer by s o l u b i l i t y .  Films which showed 
such cvcntual l o s s  i n  weight were judged unsui tab le  f o r  tests i n  c e l l s .  
12:amplcs my be found among some of t he  methyl ce l lu lose  modif icat ions of 
Figurc 3* 

Those f i lms  which reached a constant  weight l e v e l  on e q u i l i b r a t i o n  
naintaincd constant  e l e c t r i c a l  conduct ivi ty ,  wi th in  t h e  prec is ion  of the 
neasurcncnt, over a 26 day per iod,  as shown i n  Table V I I .  

- 4 -  



Tlic e l e c t r o l y t e  absorption tests have a l so  provided useful data on 
t h e  i n c r e s s c  i n  thickness of t he  f i l m  i n  c lcctrolyte .  
t o  nreasurc d i r e c t l y  with c a l i p e r s  with any degree of p rec i s ion  on a f i l m  
of say 1 n i l  thickness,  not  only because of t h e  small values involved bu t  
because of t h e  softening of t he  film which introduces the  p o s s i b i l i t y  of 
conpressing it as i t  i s  calipered. 
s io i id  changes i n  films a t  equilibrium w i t h  e l e c t r o l y t e  it w a s  noted l as t  
q u a r t e r  t h a t  changes i n  l eng th  and width wcrc smll o r  compensating, t he  
prcdonimnt  change being i n  thickness.  This w a s  observed a l s o  by workers 
a t  E l e c t r i c  Storage Battery Since 30$ and 40% KOH are of the 
order of s p e c i f i c  g rav i ty  as most of t h e  film of these experiments it 
i s  poss ib l e  t o  equate the  weight change t o  thickr,ess change. Although 
t h i s  i s  an approximation i t  i s  believed t o  be more accurate  than the d i r e c t  
ncasurerxnt by c a l i p e r s  of swelling. lie have accordingly used t h i s  calcul-  
a t i o n  i n  Table VI11 i n  comparing the thiclcncss of t h e  separator  wraps i n  
t h e  assertbled c e l l .  

This i s  d i f f i c u l t  

In attempting t o  measure the dimen- 

Co. ( 2 ) .  

I3. Oxidation of F i l m s  i n  30% KOH Saturated with i~g20 

This t e s t  w a s  designed t o  simulate conditions i n  a zinc-s i lver  
o::ide c e l l  with respect  t o  oxidation s ince  it has been general ly  a m p t e d  
that f a i l u r e  of cellophane membranes occurs a t  least i n  p a r t  by oxidat ion 
by tlic dissolved s i l v e r  oxide. The work t o  da t c  has been confined t o  3056 
KOH uliich dissolves  Ag20 to  the  extent  of .005$ a t  room temperature. 
s!iould be noted a l s o  t h a t  Ago i s  also present during the  f irst  p a r t  of the 
disc!iargc cycle  and i s  a s t ronger  oxidizing agent,  although i t s  soluhilir ;y 
as such i s  reported t o  be vcly low (4). 

It 

;'or convenience we have equated s t a b i l i t y  i n  s i l v e r  oxide oxidation 
t o  p c x c n t a g e  r e t e n t i o n  i n  s t rength of t h c  oxidized f i l m s .  
duc'iivc Klns a r e  p l a s t i c i z e d  by the  absorbed e l e c t r o l y t e  each f i l m  ur.der 
midation t c s t  w a s  concurrently soaked i n  307: KO11 as a con t ro l  and t h e  t e n s i l c  
dctcrrLned, t h e  difference i n  t e n s i l e s  representing t h e  e f f e c t  of 1'@0 on t h ?  
p l a s t i c i z e d  f i l m .  Results are shown i n  Tables I - V I ,  and, graphical ly  on t y p i z a l  
f i l m  i n  Figure 14. By t h i s  comparison of KOH-plasticized f i l m  w i t h  oxidized 
f i h  it 5s r e a d i l y  apparent t h a t  cellophane underwent t h e  g r e a t e s t  d e t e r i o r a i i o n  
on oxidat ion ( t o  15% of the o r i g i n a l  p l z s t i c i zed  value), followed by HEPVA 
374-53 and 60 ( t o  26% of the  o r i g i n a l  p l a s t i c i zed  value),  followed by Poly- 
v iny l  d o o h o l  ( t o  76% of the o r i g i n a l  p l a s t i c i zed  value).  

Since a l l  con- 

1Icthyl Cel lulose and modified methyl ce l lu lose  of t he  current  study 
m r c  2ll m r k e d l y  l e s s  degraded, t he  lorrering i n  t e n s i l e  being general ly  
only to  90 t o  100% of the  o r i g i n a l  p l a s t i c i zed  
of this c l a s s  were only s l i g h t l y  discolored, r e m i n i n g  transparent.  

value. Visually,  films 

Sone speculat ion on these comparison seem j u s t i f i e d .  The g r e a t e r  
d e t e r i o r a t i o n  of cellophane and the HEF'Vd'~s conpared to polyvinyl a lcohol  
and ncthyl  c e l l u l o s e  (5 )  suggests t h a t  pr5m-y hydroxyl groups a r e  more 
suscep t ib l e  t o  oxidation than secondary hydroxyl. The anomalous lower de- 
gradat ion of HEPVA 79 i n  comparison t o  t h c  other  HEPVAs (see Figure 14) i s  
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under a n a l y t i c a l  invest igat ion.  

The e f f ec t  of s i l v e r  oxide oxidation on e l e c t r i c a l  conductivity was 
a l s o  followed as shown i n  the  l a s t  colunn of Tcble V I I .  There was  a tendency 
t o m r d s  lower r e s i s t ance  values a f t e r  oxidation b u t  t h e  changes were within 
n o m 1  experimental var ia t ion.  

C .  E l e c t r i c a l  Conductivity of Candidate F i lms  

Performance of a sepa ra to r  i n  30% IlOH has been the  p r inc ipa l  t a r g e t  
Among c e l l u l o s e  dc r iva t ivcs ,  methyl c e l l u l o s e  of about of our work t o  date. 

ds 1.3 (dcgree of subs t i t u t ion )  does not absorb much e l e c t r o l y t e  and o f f e r s  
too g rea t  a r e s i s t ance  t o  be s a t i s f a c t o r y  as a separator ,  as confirmed by 
tes t  c e l l s  a t  Burgess. 
as another example, i s  soluble  i n  30% KOH, t h a t  i s ,  too polar. This suggested 
t h a t  funct ional  modifications i n  e i t h e r  s t r u c t u r e  o r  r e l a t e d  s t r u c t u r e s  could 
lead  to gradat ion i n  conductivity of the modified f i l m .  
quar tcr  systematic modifications of methyl c e l l u l o s e  were c a r r i e d  out. The 
e f f ec t s  on physical,  chemical and e l e c t r i c a l  p rope r t i e s  of t h e  r e s u l t i n g  
f3hs 2re summarized i n  Table6 I t o  V I .  From thcsc tests condidates were 
selcctcd,  and prepared i n  s u f f i c i e n t  quan t i ty  f o r  t he  construct ion of c e l l s  
a t  Burzcs s . 

Hydroxyethyl c e l l u l o s e  of molecular s u b s t i t u t i o n  af..2.0 

I n  t h e  present 

D. Burgess Tests 

A"i summary of the s t a t u s  on March 31 of t h e  l i f e  cycle t e s t s  on c e l l s  
constructed with experimental separators  i s  prcscnted i n  Table V I I I .  I n  
Tables E, X and X I  the h i s to ry  of the dcfunct c e l l s  i s  presented. This 
i s  given graphical ly  i n  Figures 15,  16  2nd 17. I n  Table X I 1  an  abbreviated 
h i s to ry  of the diaphragms t e s t e d  i s  given which gives  a p i c t u r e  of the per- 
fo rmncc  of t h e  d i f f e r e n t  assemblies a t  d i f f e r e n t  discharge rates. It w i l l  
be noted t h a t  HEPVAs 374-59, 374-60, the polyvinyl a lcohol  f i l m s  and the  
hydroqwtliyl c e l l u l o s e  f i l m  permitted highcr capaci ty  a t  t h e  50 amp discharge 
r a t c  t!im did t h e  cellophancs and o thc r  f i l m s .  

It vras intended t h a t  membranes i n  t h e  t e s t  c e l l s  would be t e s t e d  on 
t h e  bs s i s  o f  comparative swollen thickness of t h e  separator  wraps (1uEzC of 
Table V I i I ) .  This w a s  not unifornily adhered t o  i n  a l l  cases. 
hat oilly s ing le  c e l l s  were t e s t e d  i n  some cases should a l s o  be taken into 
considcration. 
j u s t i f y  a comparison on the  bas i s  of t h e  same swollen thickness of the wrap 
t h c r c  i s  no b a s i s  f o r  predict ing a t  t h e  prescnt  s t a t e  of our knowledge, f o r  
m p l c ,  what q u a n t i t a t i v e  e f f e c t  t he  g r e a t c r  swollen thickness of t h e  PVAlc of 
cons t ruc t ion  X I  vs t h a t  of construct ion XU: would have on the l i v e s  of t h e  
two scts .  
as a first round, c a l l i n g  f o r  r e p l i c a t e  t c s t i n g ,  which w i l l  be possible  with 
tac f i f t y  c c l l s  t o  be constructed on se l ec t ed  rncmbranes. 

"he f a c t  

Furthermore, although t h e  p r a c t i c a l  a spec t s  of c e l l  construct ion 

The r e s u l t s  given and t o  f o l l o w  should be considered the re fo re  

m i c a 1  discharge curves f o r  cellophane, EEPVA 374-60, and Methyl Gel- 
l u l o s c  309-104 a r e  given i n  Figures 18, 19, and 20. 
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TXLE I. Properties of Films from Methyl C d l u l o s e  
Modifications T.vpe B 

Untreated 
Methyl B1 B2 B3 B4 B5 PUDO 

C e l l u l o  s e C cllophanc 

Tensile 50;: N! p s i  10,100 10,150 
Extension a t  Break % 33 11 

Flex Test PIIT (a )  50% FU-I cycles 3,065 2234 

Tensilc - 72 hours 
i n  i;M (30;:) p s i  6,400 4.260 

Extension a t  break % 36 31 
i n  XQO-!”.OII p s i  5,810 4440 

Extention n t  break % 28 32 

Absorbed F i n d  Wt/Orig .Wt. 
30:: IiOII 1.12 1-55 
L$;: 1;OB 1.12 1.50 

Resistziicc (b)  of Films - ohms 
ia 30$ KOH 21 2.7 
i n  LO$ KOH 507 43 -7 

Under Test  at Burgess x 

5030 
7 

Go”7 

2776 
.43 

3030 
LO 

1.60 
1.63 

3.5 
9.5 

S 

4660 4820 
5 8 

308 - 

2490 1598 
39 46 

2163 1565 
38 32 

1.97 2.08 
1.89 1.97 

1.5 0.9 
3-5 6.9 

X 

4llO 17,330 
2 28 

- ~10,000 

2.66 2.92 
2.22 2.59 

3.4 0 
4.4 0 

Notes: (a) 1 kg. tension on f i l m .  
( b )  

(c)  Analytical Test PT 370 

In conductivity c e l l  with .X) in. &Lam. opening calcd. from 
(Rcsistclnce of c e l l  + membrane - r e s i s t ance  of c e l l )  
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T.'LILS I1 - Propcrtics of Films from Mctliyl Cel lulose 
Modifications TYpe C 

Untrcatcd 
c2 c3 c4 c5 Methyl c 1  

C c l l u l o  sc 

Tcnsile 50% RH p s i  10,100 
( B t e n s i o n  a t  BreaK) % 33 

Flex Tes t  MIT (a )  50% RH cycles 3065 

Texslle - '72 Hours 

in 36$ KOH p s i  6400 
(2;tcnsion a t  Break) % 36 

i i i  :.g 0-KOH p s i  5810 
(2:-L~i-!.sion a t  Brcak) % 24 

~ i b s o i ; u c ~ !  Final Wt/Orig.Wt. 

33% KOH 1.12 
1,0% mi 1.12 

Rcsis'tmce (b) of Films ohms 

i n  30;: KOH 21 
i11 L;O$ KOH 502 

Undcr Tczt a t  Burgess 

11.280 
10 

le37 

6550 
37 

6355 
26 

1.40 
1.38 

4.1 
34.1 

X 

12,800 5911 4304 3847 
18 6 3 2 

1091 578 217 - 

3120 2550 728 861 
41 46 43 60 

3360 1859 743 840 
39 30 37 48 

1.53 1.59 1.58 2.00 
1.65 1.69 2.05 2.29 

0 0 0.9 0.9 
0 3.5 0.4 3.5 

x X 

IIotcs: ( 2 )  1 kg. tension on f i l m  
(b)  I n  conductivity c c l l  with .20 i n  diameter opening calcd. from 

res i s tancc  of c e l l  + mcmbranc - rcsis tancc of cell. 
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TABLE I11 - Propertics of Films from Wcthyl Ccllulose 
Modifications Wpe E -- 

plcthyl EX E2 E3 J% 
Cellulosc 

Tcnsilc 50% FiH p s i  10,100 10,330 9720 11,120 8680 

Flex Tcst ?.ET (a) 50% RH cycles 3065 10,OOG - 8073 3131 

(Zxtcnsion a t  Break) % 33 22 16 29 28 

Tcnsilc 72 hours 
ia LOIi (30%) p s i  6400 - 5420 5860 1090 

- 6440 5320 996 
(2::tcnsion a t  j3reak) % 36 

(E:tcnsion a t  Break) % 24 - wc 45 18 

- 30 51. 25 
. l i  ,1~20-K0H p s i  5810 

,*~bsorbccl Final Wt/Orig. W t  . 
in 3G$ KOH 1.12 1.39 1.47 1.51 1.93 

i n  LJ!$ KOH 1.12 1.31 1.35 1.55 1.57 

Resistance of Film (b)  ohms 

i n  %G$ KOH 21 11.1 8.0 5 .O 0 -3 

Uiidcr Test a t  Burgess X X 

ilotcc: (a )  1 Kg. tension on f i lm  
(b)  I n  conductivity c e l l  with 0.20 diar;. opening. 



TXGZ W. 
- Nodification Tvpc D 

Properties of Films from Mcthyl Cellulose 

Unt rea t cd 
Methyl D1 D 2  D3 D4 

Cellulose 

Tciisilc 505 RH p s i  10,100 9390 
( k t c i i s i o n  a t  Break) % 33 17 

Flex Test I4IT (a )  50% FtH cycles 3,065 3457 

Tcnsilc '72 hours  

In 305 KOH p s i  6400 5250 
( k t c i i s t i o n  a t  Break) % 36 26 

i n  Xg2GKOH p s i  5810 4 2 0  
(Ertciicion a t  Break) $ 24 26 

Xbsorbcd F i n a l  !;rt/Orig .Wt .  

i n  30$ KOH 1.12 1.32 

FII /+OF: KOH 1.12 1.22 

Rcsis tmcc (b) of F i l n  -ohms 

in 30$ KOH 21 5 04 
i n  407; KOH 502 33 93 

8610 
21 

3017 

3070 
139 

2880 
21 

1.37 

1.33 

1 *4 

4.2 

7430 
7 

24-43 

5535 - 

1960 
31 

1.49 

1 *47 

0 

0.5 

7 7 0  
1 2  

1539 

3916 - 

1014 
26 

1.66 

1.54 

0 

1.8 

Hotcs: (a) 1 Kg. tension on f i l m  
(b) I n  conductivity c e l l  with 0.20 dian. opening. 
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TIdLE V. Properties of Films From Pfcthyl Cellulose 
Modifications Q p c  A 

Unt r e3. t e d 
Mcthyl dl A 2  A 3  1 4  

--- c c l l u l o s  c 

(Zxtcnsion a t  Break) % 33 21 1-1: 14 
Tcnsilc 50% RII p s i  10,190 7430 6090 5360 3876 

Flc:: Test FiIT 50% RH cyclcs 3065 CG2 576 10 6 18 

Tcnsilo 72 h o u r s  

i i l  305 KOH p s i  6409 4S6G 4110 2710 - 
(2:tcnsion a t  Break) % 36 2G 31 22 - 

( c )  - in Ag20-KOH p s i  5810 4900 4600 
(2:tc:lsion at Break) ;Jo 2L; 21 27 21 

Ab3oi-bcCt F ina l  Wt./Orig. Idt. 

30:; KOH 1.12 l . l+l  1.49 1.43 1.53 

40:: IIOH 1.12 1,22 1.44 1.46 1.46 

Res F s h i c  c ohms 

in 3C!$ KOH 21 11.3 10.1 3.4 2.1 

in 4O$ KOH 507 121 80.9 53.6 50.6 

Under Test a t  Burgess >; 

Ilotes: (a) 1 Kg tension on film 
( b )  
(c )  

In  conductivity c e l l  with 0.2G d i m .  opening 
Ag20 was quickly exhaustcd i n  prcscncc of these f i l m s ;  
evidence of  so lu t ion  of  PEI. 



~p&z VI. Pmpcr t ies  of F i l m  from HEmiI, PViilc and Hydromethyl Cellulose 

HEPVA HEFVA HEPVA PVAlc Hydroxy- 
374-59 374-60 79 421-39 cthyl  cel- 

High &I.?!t. Lor: 1.1. lulosc389-121-2 

Tensile 50;s RH p s i  4960 5260 6380 7590 5250 
(>:tension a t  Brcak) % 630 5 50 583 13 5 27 

Flex ';est I4IT cycles s t re tches  s t re tches  stretches 10,000 720, s t r e t ch  

2470 
760 

632 
545 

1.56 

1.56 

0 

0 

1920 
63 5 

46 3 
43 5 

1.65 

1.57 

0 

0 

4920 
800 

1705 
436 

1.47 

1-79 

0 

0 

4820 
540 

3670 
4 5  

1.90 

2.38 

0 

0 

solublc 
- 

soluble 
- 

soluble 

1.65 

soluble 

0 

!Jotc: (b)  I n  conductivity c e l l  with 20;' dim opening 

+? Comparative ana ly t i ca l  t e s t  s c t  P'I' 370 (Simultaneous tests in 
same solut ion of a l l  the  f i l m  i n  this t ab le ) .  



Table VII. EXcctrical Resistance of  Mcnbrcnes, Chacges i n  30% KOH 
and i n  30% KOH Saturated w i t h  A620 - 

Ref ercnc e Composition 

ohms ohms ohms ohms dg20) 305KOH _--- 
Ohms 

38 9-1SL:. 
421-35 
4 21 -7 
42-6 
42-9  
421-10 

421 -31 ; 
421-11 
421-12 
421-13 

42-15 

421-1c 

421-36 

42-16 
421-17 

421-23-1 
421-2!+ 
421-25 
42L-26 

421-39 
374-59 

79 
389-121-2 

389-132 
389-127-2 
389-126-2 
389-lkO 

Methyl Cellulose 
Ycthyl Cell. Mod. B 1  

11 B 2  
B 3  
B4 
B 5  

11 

11 11 

11 11 

rt 11 

Methyl C e l l .  Mod. A 1 
11 11 1.i 2 

A 3 
Ii A 4  

11 11 

I? 

Methyl C d l .  IuIod. C 1 
11 c 2  

c 3  
c 4  
c 5  

11 

11 11 

11 I? 

I t  t1 

Methyl Ce l l .  Mod D 1 
11 D 2  

D 3  
D 4  

I1  

11 11 

I? i t  

Cellophane PUDO 193 
iVId c 
Hydroxy ethyl  PVtU c 
Hydro,xycthyl PVAlc 
9ydmxyethyl Cellulose 

Kethyl Ccll. Mod. E 1 
rt E 2  

E 3  
E 4  

*. 

11 11 

11 11 

2l e 0  
207 
2.6 
1.7 
0.3 
c .O 

11.3 
10.1 
3 04 
2.1 

2.3 
0 .o 
0.0 
1.7 
0 .o 

5.4 
3.2 
0 .o 
0 .o 

0 .o 
0 00 
0 .o 
0 .o 
s o 1  

11.1 
8 -0 
5 .O 
c 03 

532.0 
21.6 

5 -8 
0 .o 
0.4 
1 . 5  

1 2 1  .o 
81 .o 
53.6 
50.6 

21 .O 
1.2 
3 04 
0 .o 
0 *4 

33.3 

0.5 
0-5  

11.3 

0 -0 
0 .o 
0 .o 
0 .o 
0.0 

k5.11 
37.8 
27.5 

2.1 

0.3 8.8 0.0 

0.0 1.6 0.0 
0.1 5.9 0.7 
0.0 0.1 1.2 

0.0 1.9 0.0 

0.1(?)49.0 7.2 
6.1 37.1 - 
8.2 25.6 4.2 
5.7 29.8 - 

1.9 9.5 0.0 
1.6 1.3 0.0 
0.4 1.4 0.0 

0.0 2.8 0.2 
0.0 3.1 0.0 

7.6 34.1 0.1 
1 .5  16.5 0.1 
0.1 5.7 0.1 
0.2 0.0 0.1 

0.0 0.0 0.0 
- - 0  

8.3 38.6 6.1 
6.5 27.2 5.9 
- - 1.8 

--- 
Notes: (a)  Standard procedure f o r  conductivity test .  



TABLE V I I I .  L i fc  Cycle Tests of F f l m  i n  Batteries. Status  5/31/64 - - 
(a>  (b) (c )  Capacity 
Mils Swelling Layers (a*b*c)  A.H. on 

RH Elcctrolytc Thick- Latest  cycle 
Final  w t /  Side ness cycle 

Con- 
Struc- 

WPC 

50% i n  Plat c Swollen Lates t  s t a tus  t i o n  FILM 

V I 1  ?LEI0 C c l l o p k n c  1 .o 
11 

I! 

I1 

1 - 5  
I1 

X I V  38';-1ZL Hydroxyethyl -3 1.3 
Cel lu lose  

V I 1 1  73 IIZPV~L 1 - 5  

M 374-59 HEPVA 1.7 
l t  

I1 

1.6 
11 

-- Xc' i i -yl  C c l l u l o s e  Nodifications 

1.2 

X V I I I  3t39-1k.C 5 4  1.2 

2.9 
I1 

11 

I1 

1.82 
11 

1.89 
T t  

1.11 

1.65 

1 .G 

1.56 
i t  

11 

1.50 
$1 

1.21 

1.6C 

1.40 

1.g 

1.93 

5 
: I  

i t  

; I  

1; 
I f  

4 
i t  

6 

5 

6 

6 
$1 

8: 

6 
S I  

6 

6 
- 
3 

6 

6 

14.5 
11 

tt 

I1 

10.9 
11 

7.6 
t l  

9.3 

10.7 

13.2 
0 

15.9 
f l  

14 -4 
11 

10.1 

11.5 

9.1 

12.7 

13.9  

15  
20 
u 
17 

16 
16 

16 
16 

6 

16 

28 
28 
23 
23 

17 
14 

11 

2 

11 

ll 

11 

9.34 
9.86 
9.34 
9.56 

11.84 
11 94 

12.06 
11.90 

6.56 

11.36 

6.96 
7 -84 
9.44 
9.20 

J-l-30 
7 . a  

9.96 

ll .I4 

10.80 

11.36 

11.86 

dead 
dead 
dead 
dead 

running 
running 

running 
running 

stopped 

runn- 

runnine 
running 
running 
running 

dead 
dead 

running 

r u d l i c  

running 

running 

r u l v l i ~  
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TABLE iX. Cycling Data Construction Type V I 1  
- - DuPont 193 PLTDO Cellophanc - 

D i s -  T i m  Gutput Time Gutput T i m  Output Time Output 

No. Pate  H r .  A.H. H r .  12 .H 0 Hr . Ii.H. H r .  A.H. 
Cycle chnrgc 

L ' l q  . 
-- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

2 

2 

10 

5b 

2 

2 

2 

3 - 
2 

3 
& 

c. 

7 
6 

3 
A. 

3 
L 

2 

2 

2 

2 

> 

3 
L 

2 

5.55 

5.73 

97 

.10 

6.18 

Li -80 

5.10 

5.22 

5.22 

5.28 

L., a 90 

5.27 

4.67 

4 90 

k.67 

0 .oo 

11.10 

11.46 

9 70 

5 .OO 

12.36 

9.60 

10.20 

10.44 

10.44 

10.56 

9.80 

10.54 

9 074 

9.80 

9.34 

0 .oo 

5-58 

5.80 

1.05 

=13 

7.02 

5.45 

5 -97 

6.17 

5-92 

6.12 

5.97 

5.88 

5.77 

5955 

5 .L5 

5 045 

5 -32 

5 J3 

4-90 

4.33 

0 .oo 

11.16 

11.60 

10 e 5c 

6.50 

14.0b 

10.90 

11.94 

12 -34 

11.84 

12.24 

11.91: 

11.76 

11 54 

11 .lo 

10.90 

10.90 

10.64 

10.26 

9.80 

9.86 

0 .oo 

5.57 

5.63 

97 

.1c 

6.60 

4.8C 

5 .0c 

5.47 

5.16' 

5.12 

4-77 

1;.32 

4-57 

1:.67 

0 .oo 

11.14 

11.26 

9 070 

5.00 

13.20 

9-76 

10.16 

10 94 

10.36 

10.24 

9.54 

9 -84 

9 -14 

9.34 

0 .oo 

5.57 

5.78 

1.03 

* 13 

6.15 

5.08 

5 070 

5.90 

5.55 

5.53 

5 047 

5 040 

5.20 

4.93 

4.98 

4-75 

4-76 

0 ,oo 

11.14 

11.56 

io .30 

6.50 

12.30 

10.16 

11.40 

11.80 

11.10 

11.06 

10 94 

10.80 

10.40 

9.86 

9.96 

9.50 

9.56 

0 .a 

-16 - 



TABLE X. Cycling Data - Construction Type X 
Borden 374-60, Medium Molecular Weight HEPVA 

Cycle Discharge T I M E  O U T P U T  T I M E .  O U T P U T  

Hr . 6 .H . Hr . A.H.  
No. Ftatc hnp. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 5  

2 
2 

10 

50 

2 

,l L 

2 

2 

2 

2 

2 

2 

2 

2 

2 

5.43 
5 e 8 5  

1 .lo 

.x) 

6 043 

5.90 

6.05 

6.05 

6.02 

6.00 

5.98 

5.97 

5.95 

6 .OO 

5.95 

10.86 
11.73 

11 .OG 

10.00 

12.86 

ll .€a 

12.10 

12.1c 

12.04 

12.00 

11.96 

11.94 

11.90 

12.00 

11.90 

16 2 5-72 11.44 

17 2 5-65 11 30 

18 2 0.00 00 .oc 

5.33 
5 -72 

1.08 

.20 

6.00 

5 -83 

6.03 

4.00 

6 .OO 

6 .OO 

5.97 

5.92 

5.82 

3.60 

1.70 

10.66 
11 .wc 
10.80 

10 .oo 
12.00 

11.66 

12.06 

12.00 

12.00 

12.00 

11 94 

11.84 

11.64 

7.20 

3 040 

- 17 - 



TABLE XI. Cycling Data - Construction Type XI11 
Borden 389-lOL+, Methyl Cellulose 100 

_ -  

Cycle No. Discharge Rate Time Output 
Rate Amp. H r  . A.H. 

2 

2 

10 

50 

2.87 

2.63 

9 47 

-05 

2 

2 

2 

3c05 

3.28 

2.85 

- 18 - 

74 

26 

70 

50 

6.10 

6.56 

5.70 



TABLE X I I .  k.H. C a p a c i e  Readings DurinR History of Test Cells ( t o  1.0 v o l t  end point) 

Cycle: 1 3 4  5 10 15  Latest Cycle 
Discharge 

Rate c/5 m c/o.2 c/5 c/5 c/!i c/5 A.H. 

PUDO C ellophanc 11 .lo 
11.16 
11.14 
ll.14 

374-53 iiE;FVh 10.84 
10.84 

374-60 k E W A  10 -86 
10.66 

79 H D V A  8.64 
8.74 
8-94 

374-61 PVAlc 11 . 64 
11.64 

389-110 TVXLC 11.64 
l l .60 

389-104 Kcthyl Cell. 5.74 

389-122 C - l  ll. 54 

389-130 A-1 10.76 

389-126-2 E3 10 94 

389-140 E 4  10 -94 

389-121 HEW l l .40 

9 70 

9.70 
10 . 50 

10.30 

ll.20 
11.20 

ll.00 
10.80 

8.3 
8.2 

10.8 

n .50  
l l .50 

ll.70 
12.00 

4-70 

10 9 70 

5-20 

9-70 

9-50 

ll .OO 

- 

5 .o 
6.5 
5 00 
6.5 

10 .o 
10 .o 

10 .o 
10 .o 

3.5 
2.5 
5.0 

ll.00 
ll.00 

11 e 00 
11.00 

2.50 

4.00 

2.50 

3.5 

3.5 

10 .oo 

12.36 10.56 
14.04 12.24 

12.30 l l .06  
13.20 10.24 

l2.€?6 12.00 
12.0 3 -40 

16.16 12.24 
16.96 12.24 
14.06 ( 3 )  s h o r t  

12.51: ll.80 
12.41: U.80 

1 2 . a  11.80 
12.46 11-76 

6.10 7.0 

14.16 10.80 

15.0 10.0 

14 -80 

14.10 l l . 9  

13.34 11.4 

10.86 (23) 
11.14 (23) 

11.90 (18) 
dead (15) 

11.80 (16) 
11.90 (16) 

stopped, high 

shor t  
s h o r t  
shor t  
shor t  

9.44 running 
9.20 running 

s h o r t  
dead 

6.96 r u d w  
7.84 runnlw 
shor t  

ll.84 runniw 
ll .94 -% 

12.06 rum- 
ll .09 running 

resistance 

10.80 running 

9-96 

11.36 ru- 

ll .86 running 

11.36 runnine 

- 1 9  - 
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Figure 13 Oxidation Apparatus 
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